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Measured carbon tetrachloride concentrations (g/L) in groundwater extracted by GWEX1, 2004 GWEX1, -2009 (Figure 1 .1). A deeper aquifer used as the current municipal water source was found to be free of carbon tetrachloride contamination. Although the shallow aquifer was no longer being used as a source of drinking water at Utica, additional studies indicated that the carbon tetrachloride could pose an unacceptable health threat to potential future residents who might install private wells along the expected downgradient migration pathway of the plume. On the basis of these findings, corrective action was recommended to decrease the carbon tetrachloride concentrations in the upper aquifer to acceptable levels (Argonne 1993a (Argonne ,b, 1995 .
Initial discussions with the Utica village board indicated that any restoration strategies involving nonbeneficial discharge of treated groundwater in the immediate vicinity of Utica would be unacceptable to the town. To address this concern, the CCC/USDA and Argonne, in cooperation with multiple federal and state regulatory and environmental agencies (Table 1.1) proposed a treatment strategy for the Utica groundwater employing groundwater extraction coupled with the seasonal use of agricultural spray irrigation equipment to simultaneously
(1) remove carbon tetrachloride from the groundwater (by volatilization to the atmosphere) and (2) discharge the treated groundwater to enhance the development of wetlands in the North Lake Basin Wildlife Management Area, just north of the town (Argonne 2000) . Figure 1 .2). The samples were collected in vertical profiles through the aquifer, at 10-ft intervals. The results of this 1998 study (Table 1. 2) demonstrated that the threedimensional distribution of carbon tetrachloride in the aquifer is complex, with multiple "hot spots" occurring in the plume at various depths and distances along its length (Argonne 2000) . Extraction wells GWEX1-GWEX3, located in the northern portion of the town, are used to extract contaminated groundwater from the upgradient portion of the contaminant plume.
In
Construction data for these wells are summarized in Table 1 .4. These wells are linked by a distribution system that selectively carries untreated groundwater to either of two discharge points in the northern and southern subbasins of the North Lake Basin Wildlife Management Area (Figure 1 .8). At each discharge point, the water is treated to remove carbon tetrachloride by using a custom spray irrigation treatment unit (Figure 1 .9). These three extraction wells are operated simultaneously to maintain a critical operating pressure at each treatment unit.
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Wells GWEX1-GWEX3 are operated intermittently during the year, subject to local weather conditions and in consultation with the Nebraska Game and Parks Commission (NGPC).
NGPC owns most of the property occupied by the wetlands and has administrative and technical responsibility for management of the wildlife area.
Well GWEX4 and the Conventional Air Stripper
Extraction well GWEX4, located near the downgradient toe of the carbon tetrachloride plume (Figure 1 .8), is operated continuously as a containment well. Construction data for GWEX4 are in Table 1 .4. Groundwater produced from GWEX4 is treated by using a conventional (shallow-tray) air stripping technique, and the effluent is discharged to the surface for reinfiltration into the shallow Utica aquifer.
Monitoring Well Network
A network of seven permanent monitoring points has been established at Utica (Figure 1 .8). Wells SB48, SB71, and SB72 were constructed during the early phases of the investigations at Utica. These wells were intended primarily for the measurement of groundwater levels; they do not penetrate the more contaminated zones of the groundwater column identified subsequently in detailed vertical-profile sampling (Argonne 2000 (Argonne , 2003 . To improve monitoring coverage, additional wells MW1-MW4 were installed in August 2005 at strategic locations along the plume migration pathway. Construction data for the monitoring wells at Utica are in 
Regulatory Status and Performance of the Utica Program
The CCC/USDA's primary objective for the aquifer restoration at Utica is the treatment of carbon tetrachloride contamination in the shallow aquifer. The combined aquifer and wetlands restoration effort was undertaken voluntarily by the CCC/USDA, in cooperation with the agencies listed in Table 1 .1. Throughout the conception, planning, design, and implementation of this program, the CCC/USDA has maintained specific communication with the U.S. Environmental Protection Agency (EPA) Region VII, the Nebraska Department of Environmental Quality (NDEQ), and NGPC to keep these agencies apprised of the CCC/USDA's activities at Utica and the North Lake Basin.
Regulatory Status and Compliance Monitoring
The only regulatory instrument presently governing the CCC/USDA operation at Utica is a National Pollutant Discharge Elimination System (NPDES) permit (No. NE0137456) granted by the NDEQ, which specifies certain water quality criteria (pH, carbon tetrachloride content, and chloroform content) that must be met by the treated groundwater discharged to the waters of Nebraska. The permit identifies three separate outfalls from the groundwater treatment operations at the site, representing discharges from (1) the north spray irrigation unit, (2) the south spray irrigation unit, and (3) the air stripper at GWEX4 (Figure 1.8) . The results of groundwater compliance monitoring performed in accord with the NPDES permit requirements are reported to the NDEQ on a quarterly basis (under the Discharge Monitoring Reports system).
The results are summarized in Operations and Performance reports prepared by Argonne for each year of system operation at the site (Argonne 2005 (Argonne , 2006 (Argonne , 2008 (Argonne , 2009 
Restoration of the Utica Aquifer
In cooperation with the agencies listed in Table 1 Wells MW1 and GWEX1 are located, respectively, on and near the former CCC/USDA facility property (Figure 1.8) . Together, the data for MW1 and GWEX1 (Figures 2.1 and 2 .5) might reflect a transient, localized influx of carbon tetrachloride to the upgradient shallow groundwater, from residual contamination in the soils beneath the former CCC/USDA facility (Argonne 2000 (Argonne , 2003 . The stable or decreasing contaminant levels observed at all of the downgradient monitoring and GWEX wells suggest, however, that GWEX1 has acted effectively as an upgradient capture well. The proposed groundwater sampling will be conducted by using the CPT in accord with the procedures outlined in the EPA-and NDEQ-approved Master Work Plan for environmental investigations in Nebraska (Argonne 2002 ; Sections 6.1.2 and 6.5). Samples for VOCs analyses will be preserved and shipped (on ice at 4C) by overnight service to the Applied Geosciences and Environmental Management Laboratory at Argonne, for purge-and-trap sample preparation with analysis on a gas chromatograph-mass spectrometer system (EPA Methods 5030B and 8260B; Argonne 2002; Section 6.3.2). To ensure reproducibility, a minimum of 10% of the water samples will also be submitted for verification analysis by a second laboratory ( 
